Human upright posture is a product of a complex dynamic system that relies on integration of input from multimodal sensory sources. Extensive research has explored the role of visual, vestibular, and somatosensory systems in the control of upright posture. However, the role of higher cognitive function in a participant's assessment of postural stability has been less studied. In previous research, we showed specifi c neural activation patterns in EEG associated with recognition of unstable postures in young healthy participants. Similar EEG patterns have been recently observed in regulation of posture equilibrium in dynamic stances. This article evaluates participants' postural stability in dynamic stances and neural activation patterns underlying visual recognition of unstable postures using eventrelated functional MRI (fMRI). Our results show that the "stable" participants were successful in recognition of unstable postures of a computer-animated body model and experienced egocentric motion. Successful recognition of unstable postures in these participants induces activation of distinct areas of the brain including bilateral parietal cortex, anterior cingulate cortex, and bilateral cerebellum. In addition, signifi cant activation is observed in basal ganglia (caudate nucleus and putamen) but only during perception of animated postures. Our fi ndings suggest the existence of modality-specifi c distributed activation of brain areas responsible for detection of postural instability.
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Key Words: brain activations, BOLD signal, postural stability, perception of postural instability Human upright posture is a product of an extremely complex dynamical system that relies heavily on integration of input from multimodal sensory sources, including those of vision, vestibular, and proprioceptive systems (see Mergner et al., 2003, for review) . However, the cortical control of upright posture, and particularly, the role of cerebral cortex and higher cognitive function in assessment of upright postural stability have been less studied. Few brain imaging studies have directly demonstrated the involvement of various cortical areas in human postural control. Specifi cally, variation of slow negative EEG potentials and high-frequency oscillations (gamma activity) in the primary motor cortex preceding the onset of postural adjustment has been observed (Saitou et al., 1996; Slobounov et al., 2005) . The neural substrates for maintaining standing postures in humans have been investigated using a mobile gantry PET system (Ouchi et al., 1999) . Compared with the supine posture, standing upright with feet together activated the cerebellar anterior lobe and the right visual cortex, while standing in tandem was accompanied by activation within the visual association cortex, and cerebellar vermis. This fi nding is consistent with previous research suggesting that the human cerebellar vermis may be responsible for keeping the center of gravity within the stability limits, and therefore may provide control of postural scaling in upright stance (Horak & Diener, 1994) . The role of cortical functions for body balance (Ioffe et al., 1988; Deliagina et al., 2000) , and the contribution of the cerebellar vermis in body coordination with respect to gravity (Chambers & Sprague, 1955; Leicht & Schmidt, 1977) have been well documented in animal studies. There has been extensive clinical research on postural abnormalities and associated brain dysfunctions (Thach & Bastian, 2003) .
Our previous research has provided evidence supporting the existence of neural detectors for unstable postures (it should be noted that existence of neural detectors for various perceptual-motor events was initially proposed by Perret et al., in 1985 and later by Mataric & Pomplum in 1988) . This was documented via mutual analyses of behavioral correlates and a spectrum of EEG activities when normal volunteers solved a cognitive task requiring the recognition of unstable postures in a dynamic situation (Slobounov et al., 2000) . Specifi cally, visual identifi cation of computer-generated unstable postures (Virtual Person, VP's motion in the anteriorposterior directions) induced the burst of EEG gamma activity primarily at the frontal-central brain areas. It is important to note that all participants in this study experienced ego-motion, while viewing the VP's motion. This was evidenced by the participants' reports indicating that they experienced the sensation of self-motion similar to movements of a computer-generated model of the human body.
It was documented that various patterns of visual fi eld motion and moving objects may induce self-motion (i.e., egocentric motion) that contribute to balance control (Gibson, 1950) . This effect of egocentric motion is well-known since Mach (1875) , and more recently has been attributed to complex interaction between the changing visual input and vestibular and proprioceptive information (Lestienne et al., 1977) . It was shown that participants' exposure to visual fi eld motion consistently induces an increase in postural sway not only in humans (Ehrenfried et al., 2003) but also in animals (Clement & Magnin, 1983) . Recently, postural adjustment responses to visual object manipulations using virtual reality (VR) graphics have been reported (Blank et al., 1999; Kuno et al., 1999) . Specifi cally, the magnitude of the subjective egocentric motion was highly correlated with visually induced body-sway (Kuno et al., 1999) , and the amount of body-sway was highly dependent on the properties of the visual stimuli. Therefore, concurrent analysis of perceptual variables and participants' selfmotion may help understand the visual control of posture (Beer et al., 2002) .
The neural detectors for perceived postural instability may trigger the compensatory postural adjustments to avoid falls in dynamic stances (Slobounov et al., 2005) . In this follow-up study, we estimated the participants' postural stability in dynamic stances, the sense of egocentric motion, and used functional magnetic resonance imaging (fMRI) to investigate brain responses elicited by perceptual recognition of postural instability in these participants. To our knowledge, this is the fi rst brain imaging study examining the differential activation of various brain areas induced by observation of whole body biological motion. It should be noted, however, that selective activation of cortical areas linked to observation of biologically possible or impossible hand movements have been recently reported Costantini et al., 2005) . We hypothesize that participants' ability to recognize unstable postures may play an important role in regulation of posture equilibrium and may elicit the modality specifi c distributed activation of brain areas responsible for detection of postural instability.
Methods

Participants
Eighteen neurologically normal volunteers participated in this study (10 male, 8 females; age 21-25 years). All participants were right handed (laterality index was 0.8 to 1.0) as measured by the Edinburgh Inventory (Oldfi eld, 1971) . Participants were paid for participation in this study. The protocol was approved by the National Institutes of Health Institutional Review Board and the participants gave their written informed consent for the study.
Stimuli and Procedure
Imaging Tasks: Block Design. The participants lay comfortably supine in the MR scanner, the right arm rested beside their trunk with the response device fi xed to their hand. Participants viewed the human body animation (virtual person, VP) in forward and backward directions primarily at the ankle joint (e.g., reminiscent of an inverted pendulum) via a mirror mounted on the head coil. A realistic-looking virtual person (VP) was achieved by developing a 3D model of the human body consisting of 1733 polygons. Realistic animation of the VP was achieved on an SGI O2 workstation by means of interactive software technologies using the GL programming language.
Two conditions were tested: a passive viewing condition and an active viewing condition, so that contrasting brain activation patterns (fMRI BOLD signals) for both conditions could be acquired and compared. Specifi cally, participants were instructed to view the animation of the VP passively for 50 s and randomly press the response device button with the right index fi nger (no recognition of unstable postures was requested). The range of the VP's motion far exceeded the stable postures in both forward and backward directions. The speed of the animation was set to 30 frames per second to accommodate the participants' ability to be maximally attentive during the entire block (Slobounov et al., 2000) . Following the passive viewing, there was a block of active recognition of postural instability in a dynamic situation. In this 50 s block, participants were instructed to view an animation of the active VP and to press gently on the button with their right index fi nger as soon as they recognized unstable postures during both leaning forward and leaning backward directions. Specifi cally, participants were instructed to pretend that the animated VP represented their own body motion and that they should respond as to prevent falling in both forward and backward directions by pressing the button. It was expected that participants would experience egocentric motion (Gibson, 1950) while perceiving the VP animation. Before the fi rst scan, all participants briefl y practiced until they understood the task requirements. Both passive and active viewing conditions were randomly repeated fi ve times in two sessions with a break of 2 min. Prior to the experimental session, the cognitive cues for discrimination of stable and unstable postures were explained by presenting to the participants the appropriate frozen (non-animated) key-frames. The postural stances of the VP were defi ned as unstable if the imaginary vertical projection of the center of mass (CM) on the ground would be beyond the base of support (Winter, 1990; Barin, 1992) . Accepting this common defi nition of postural stability, we estimated the participants' responses to instability (identifi ed by the presses on the button), which were within or beyond the stability boundaries (14° and 5° for forward and backward deviations from vertical, respectively) by means of a VRLM (Virtual Reality Programming Language) program incorporated with specially developed MATLAB codes. In essence, this was approximately matched with the position of the VP over the plate of support (see Figure 1) .
After the scanning participants were asked to give a verbal report rating their egocentric motion (Stoffregen & Smart, 1998) , as being able to experience selfmotion with the motion of VP on a scale of 1-7, where 1 being least ability and 7 being most ability. 
Participants' Instruction Prior to Scanning
Participants received the following instruction: "While in the scanner, you will be viewing the animated motion of a human whole body picture in the forward and backward directions. We call this human model a 'Virtual Person.' There will be two conditions. In the fi rst condition, you will be passively looking at Virtual Person motion and randomly pressing the button. As you will see, your presses won't affect the direction of Virtual Person's motion. In the second, 'active' condition you have to pretend that animated Virtual Person represents your own body, 'IT'S YOU,' so, you should press the button when you perceive yourself unstable, when YOU lean too far in both forward and backward directions to prevent falling. As you will see, as soon as you press the button, the Virtual Person, which is YOU, will change direction of motion towards vertical stable position."
As was mentioned earlier, systematic research regarding the participants' selfmotion in the stationary environment (i.e., egocentric motion) was initiated by Gibson (1950) . He was one of the fi rst to emphasize the importance of optic fl ow fi elds for detection of egocentric motion orientation and position.
Embedded Single-Trial Design. The experiments were conducted according to an event-related design (Dove et al., 2000; Pollmann et al., 2002) with frozen pictures of stable (frequent) and unstable (rare) postures randomly presented on each trial. The pictures of stable and unstable postures were developed based on a biomechanical assumption that postural stances are unstable if the imaginary vertical projection of the center of mass (CM) on the ground would be beyond the base of support (Winter, 1990; Barin, 1992) . Critical trials, involving unstable postures, were presented at random intervals and were assumed to produce temporally correlated changes in fMRI signal that effectively "rises above" the consistent background signal produced by presenting the rapidly occurring non-critical trials, which were the stable postures. Specifi cally, trials were presented in the order of 1 per every 2500 ms. Critical trials, (i.e., unstable postures) were presented for 2500 ms similar to non-critical trials at random intervals of 16-20 s between critical trials. The critical trials were presented in order to "catch" the peak of hemodynamic response, which usually occurs at latency of 6 s (Owen et al., 2001) . Participants were instructed to press gently on the button with their right index fi nger twice as soon as they recognized unstable postures and once as soon as they recognized stable postures. The total number of critical trials was 25 per session. There were two sessions with this design.
Motor Task
Participants stood upright on an AMTI (Advanced Mechanical Technology, Inc., Watertown, MA) force plate with equal weight on each foot, looking ahead at a visual target located at eye level 3 m away with their arms crossed on the chest. Participants performed a dynamic postural task standing in the middle of the force platform with bare feet. Participants were instructed to place their feet comfortably on the force plate, and this position was measured accurately for future analysis. Participants were instructed to move continuously in the forward and backward directions as far as they could (i.e., to produce oscillatory whole body postural movement). It is important to note that special emphasis was made to oscillate predominantly at the ankle joint. Thus, the maximal spatial points of motion were defi ned that participants could reach without moving their feet during each of the 30 s recording periods. Participants' performance was carefully monitored to ensure that they produced whole body postural movement predominantly at the ankle joint. In addition, prior to the experimental session, participants were provided with the necessary amount of practice to make sure that they would be able to properly perform the postural tasks during actual experimental sessions. Participants were instructed to move at a comfortable speed. The comfortable speed is highly stable and produces the lowest variability of outcome because it is organized by the intrinsic dynamics of the individual's system (Kugler & Turvey, 1987) . There were fi ve sessions for this task condition.
Scanning Procedure
T2*-sensitive functional images were obtained using a whole-body 1.5 Tesla magnetic resonance imaging (MRI) scanner (Signa, GE Medical Systems, Milwaukee, WI) and a standard head coil. Head motion was reduced by a belt around the participant's head. Participants lay supine in the MR scanner and visual scenes were viewed on the screen via a mirror built into the head coil. We used an EPI gradient echo sequence (21 slices, echo time (TE) = 30 ms, repetition time (TR) = 2500 ms, fl ip angle = 90°, fi eld of view (FOV) = 22 × 22 cm, matrix = 64 × 64) to obtain functional images. A time-course series of 267 images/slice was acquired for each trial. T1-weighted images were also acquired (128 slices, TR = 33 ms, TE = 4 ms, fl ip angle = 25°, matrix = 25 × 192) to obtain structural three-dimensional (3D) volume.
Data Analyses Imaging Study
Each participant's performance on each task condition was recorded. For the block design, these measurements included the angle at the ankle joint of the forward and backward leans (deviation from the vertical line) at the time of a participant's responses to postural instability. The participants' behavioral consistency was assessed by estimation of standard deviation (SD) around the mean ankle joint for both forward and backward leans. For the embedded single-trial design, unrecognized unstable postures as evidenced by missed and/or wrong button presses were considered as errors. In addition, the time interval between presentation of stable/unstable postures and behavioral responses were also assessed to rule out the participants' lack of attention during the task performance. Participants' responses to stable versus unstable postures were compared (t-test, p < .05).
Imaging Data Analysis
Image analysis was performed with SPM2 software (Wellcome Institute of Cognitive Neurology, London, UK) implemented in MATLAB. Functional images were aligned to the fi rst image of each session for motion correction. After spatial normalization, all images were re-sampled into voxels that were 2 × 2 × 2 mm in size. Images were also smoothed with a Gaussian fi lter of 6 mm full width at half-maximum (FWHM) to minimize noise and residual differences in gyral anatomy. Both fi rst and second level analyses were performed. In the fi rst level, data were analyzed for each participant separately on a voxel-by-voxel basis using the principles of the general linear model extended to allow the analysis of fMRI data as a time series (Friston et al., 1996) . The data were modeled using a fi xed-effect model, convolved with a hemodynamic response function chosen to represent the relationship between neuronal activation and blood fl ow changes. A contrast representing the effect of the active condition compared with the passive condition (block design) and effect of the recognition of stable posture compared to unstable posture (embedded single-trial design) was defi ned and contrast images were calculated individually for each participant. These contrast images were used in the second level for random-effects analyses. The group results were calculated by a one-sample t-test model to identify the brain activity for active condition (p condition (p condition ( < .001), without correction for multiple comparisons. A similar second-level group results analysis was conducted for the embedded single-trial design. Locations of activated areas for different conditions were displayed by superimposing them on a Talairich-Tournoux normalized high-resolution three-dimensional T1-weighted MRI brain scan (Talairach & Tournoux, 1988) 
Postural Data Acquisition
The dynamics of posture were recorded using an AMTI force platform. The platform records three force components along the lateral (Fx), the anterior-posterior (Fy), and the vertical axis (Fz), together with the three respective moment components (Mx, My, and Mz). The signals were amplifi ed through an AMTI model SGA6-4 six-channel amplifi er. A maximum gain of 4000 was used with a bandpass fi lter of 1-5 Hz. Bridge excitation was set to 10 v. All six channels were factory calibrated. The three force components (Fx, Fy, Fz) were measured in newtons (N). The data were collected with a sampling frequency of 100 Hz for a trial duration of 30 s. The AMTI force platform data acquisition and analysis package were used throughout the experiment.
Force Platform Data Analysis
We used the force platform signals to compute the coordinates of the center of pressure (CP) predominantly in anterior-posterior (Y) direction. The functional stability boundary (Slobounov et al., 1998; Slobounov et al., 2005) was determined by calculating the boundary to the motion of the center of pressure when participants were asked to lean maximally forward as follows: Accordingly, the postural stability index was calculated with respect to the geometric base of support, i.e., length of a participant's feet (see also Figure 2 ) to ensure that participants were consistent in their effort to produce maximally possible amplitude of postural sway.
It should be noted that we realize that this approach to assessing postural stability may not be ideal. We are fully aware of the important role of accelerations and decelerations related to the inertial mass of the body with regards to the center of pressure displacement while examining postural stability. Although we realize the importance of pure biomechanical analysis of postural stability, we would like to stress that our main objective was to provide empirical evidence regarding the differential contribution of various brain structures and higher cognitive functions in participants' assessment of postural stability. Accordingly, we calculated the "stability index" as a ratio of functional area over the physical area, similar to our previously published reports (Slobounov et al., 1998; Slobounov et al., 2005) . Moreover, our participants in both imaging and motor tasks actually performed postural movement in the anterior-posterior directions (while the postural stability was assessed) and perceived postural movement in the anterior-posterior directions (with their mind set and with the request to subjectively assess postural stability). Thus, similarities between both tasks were preserved.
Results
Postural Task Performance
Initial analysis of postural responses identifi ed 12 "stable" (Stability Index > .5) and 6 "less stable" (Stability Index < .5) participants while performing oscillatory postural tasks in the anterior-posterior directions (see Tables 1a & b) . Accordingly, the following analysis of perceptual task performances and associated patterns of brain activation was conducted separately on these two groups of "stable" and "less stable" participants. Perceptual Task Performance (Stable Group, n = 12) n = 12) n As can be seen in Table 1a , these participants were accurate in the assessment of unstable postures in the dynamic task condition (when VR motion just exceeded the stability region, block design). Specifi cally, the group mean (n = 12) angle at the ankle joint of forward lean was 12.8° and backward lean was 4.2°, both of which are considered to be within the stability region (Winter, 1990; Barin, 1992) . In addition, participants were consistent in recognizing the area of stability region, which was demonstrated by low SD values (1.5°, estimated within-participants design over all responses within 50 s "active" condition duration). These participants' verbal responses also indicated that they experienced egocentric motion and were able to associate themselves with the animated model of the human body, as demonstrated by the average score of 5.3 on 1-7 scale range. Additional analyses of participants' behavioral responses also indicated that they pressed the button similarly in both active and passive conditions. Every button press was recorded in an output fi le together with timing of presses estimated by the VRML program. Similarity of button presses in passive and active conditions may rule out the effect of variability of motor responses on brain activation patterns. These "stable" participants were accurate in recognizing unstable stationary images in the embedded single trial design. As mentioned in the "Methods" section earlier, the total number of critical trials was 50 in two experimental sessions. Within each participant, the percent error of recognition was less than 2%. The response time for stable postures was, on average, 250 +/-50 ms. The response time for unstable postures on average was signifi cantly higher, 350 +/-75 ms (p time for unstable postures on average was signifi cantly higher, 350 +/-75 ms (p time for unstable postures on average was signifi cantly higher, 350 +/-75 ms ( < .001). Overall, participants were attentive (remained at a high level of awareness) and profi cient in task performance.
Perceptual Task Performance (Less Stable Group, n = 6) n = 6) n As can be seen in Table 1b , these participants were inaccurate (late responses) in the assessment of unstable postures in the dynamic task condition. Specifi cally, participants responded late to perceived instability when VR motion far exceeded the stability region, block design. Specifi cally, the group mean (n = 6) angle at ankle joint of forward lean was 16.0° (2.4° error) and backward lean was 6.2° (2.2° error), both of which are considered beyond the stability region (Winter, 1990; Barin, 1992) . In addition, participants' responses were inconsistent, as demonstrated by high SD values (5.5° and 3.5°, accordingly, estimated withinparticipants design over all responses within 50 s "active" condition duration). However, these participants' verbal reports indicated that they did, in fact, experience egocentric motion and were able to associate themselves with the animated model of human body, as demonstrated by the average score of 5.6 on the 1-7 scale range. These "less stable" participants were also less accurate in recognizing unstable stationary images in the embedded single trial design. Within each participant, the percent error of recognition was, on average, 45%. The response time for both stable and unstable postures on average was 300 ms +/-40 ms.
fMRI Data (Stable Group, n = 12) n = 12) n Table 2 presents results for 12 "stable" participants from selective brain areas activated in both task conditions: (a) active recognition of unstable postures of animated human body model in anterior-posterior (AP) directions versus passive perception of animated human model in AP directions, using the block design; and (b) identifi cation of unstable postural stances in both leaning forward and leaning backward directions versus recognition of stable postural stances, using single trial design. Identifi cation of unstable postural confi gurations regardless of the task condition and/or type of fMRI design was associated with increased activity in several common sites, which are shown in Table 2 and depicted in Figures 3  and 4 , which include bilateral parietal cortex, cingulate cortex (see also Figure 5 ), and bilateral cerebellum. In the following analysis, we focus primarily on these areas of activation.
To identify the neural substrate of postural instability as demonstrated by brain activations elicited by "active recognition" of unstable postures in a dynamic Note. The coordinates are given as stereotaxic coordinates referring to the atlas of Talairach and Tournoux. Cluster size is the number of voxels. All areas were signifi cant at P < .001 (uncorrected). Abbreviations: L, left; R, right.
situation versus "passive perception" of the animated human body model, the "active-passive" contrast using fMRI block design was computed. The most prominent sites of signifi cant activations included right parietal lobe, t = 11.19, p < .001; anterior cingulate, t = 9.87, p < .001; right cerebellum, t = 8, 11, p < .001; and left cerebellum, t = 8, 04, p < .001. In fact, the consistency of recognizing the unstable postures, as demonstrated by SD of behavioral responses, was highly correlated with percent BOLD signal change in right parietal lobe (r = r = r -.69), anterior cingulate (r = -74), left cerebellum ( r = -74), left cerebellum ( r r = -76) and right cerebellum r = -76) and right cerebellum r (r = -79). Also, the percent BOLD signal change in these regions of interest was r = -79). Also, the percent BOLD signal change in these regions of interest was r 
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highly correlated with participants' ratings of egocentric motion, r > .6. This sugr > .6. This sugr gests that increase in brain activation was caused by active recognition of unstable postures and experienced egocentric motion. In addition to the clusters that were detected in the global analyses (Table 1) , a signifi cant focus was found within area V5 bilaterally (homologue to monkey V5/MT, which is known to be specifi cally involved in motion perception) and basal ganglia, right caudate nucleus (x, y, z = 16, 4, 20) and right putamen (x, y, z = 12, -4, -8), see also Figure 5 .
In an embedded single-trial design, the BOLD response contrast of stable versus unstable postural stances revealed signifi cant areas of activation including anterior cingulate, t = 11, 97, p < .001, right parietal cortex, t = 10, 99, p < .001; right cerebellum, t = 7, 88, p < .001; and left cerebellum, t = 6, 89, p < .001. Neither area V5 nor the basal ganglia were signifi cantly activated with visual recognition of static unstable postures used in this design.
fMRI Data (Less Stable Group, n = 6) n = 6) n
The fMRI group analysis revealed neither signifi cant (p The fMRI group analysis revealed neither signifi cant (p The fMRI group analysis revealed neither signifi cant ( > .05, uncorrected) nor consistent patterns of brain activation in both task conditions: (a) active recognition Table 1 . (Bottom) T-values for the regional maxima are listed in Table 1 . (Bottom) T Data averaged across all participants (n = 12) for the anterior cingulate and parietal cortex regions showed signifi cant activation during perceptual recognition of unstable postures identifi ed in both block and single-trial design.
of unstable postures of animated human body model in AP directions versus passive perception of animated human model in AP directions, using the block design; and (b) identifi cation of unstable postural stances in both leaning forward and leaning backward directions versus recognition of stable postural stances, using single trial design. It should be noted that neither signifi cant nor consistent activation of brain areas was observed during individual participants analysis.
Discussion
The primary objective of this study was to examine the neural basis subserving the perception of postural instability in relation to cortical control of postural movement in normal young participants. We sought to provide additional evidence regarding the role of higher cognitive functions in regulation of posture equilibrium and the existence of neural detectors for unstable postures when a person perceives biologically meaningful actions (Decety & Grezes, 1999) causing the postural instability. Specifi cally, we sought to identify particular brain areas involved in recognition of unstable postural confi gurations as evidenced by fMRI BOLD signals. There are several fi ndings of interest: (a) unlike "unstable" participants, "stable" participants (Stability Index > .5) were able to visually recognize unstable postural confi gurations of the computer-animated VP model and stationary postures, although both "stable" and "unstable" participants (Stability Index < .5) experienced egocentric motion during the perception of the VP's motion; (b) successful recognition of unstable postures induced signifi cant activation of distinct areas of the brain including bilateral parietal cortex, anterior cingulate cortex, and bilateral cerebellum; (c) percent increase of BOLD signal in these areas was highly correlated with behavioral consistency in recognition of unstable postures; and (d) signifi cant activation was observed in basal ganglia only during recognition of instability of animated (biological motion) postures.
Behaviorally "stable" participants in this study were able to recognize postural instability while viewing both the animated body model approaching stability limits and stationary pictures of unstable postures. This was documented via behavioral measures in terms of identifi cation of an appropriate angle (12° and less) at the ankle joint associated with range of motion within the stability limits and extremely low percent (less than 2%) of erroneous recognition of stationary unstable postures. Moreover, these "stable" participants were consistent in their behavioral responses as evidenced by low SD values. However, both "stable" and "unstable" participants experienced egocentric motion that collectively may rule out the pure effect of attention (or lack of attention), which was shown to be a concomitant factor in brain imaging research of human perception (O'Craven et al., 1999; Shulman et al., 2002; Buchel & Friston, 2001; Manthey et al., 2003) .
Further, in "stable" participants, response times during identifi cation of unstable static postures were signifi cantly higher than those for stable postures. This fi nding may indicate the degree of cognitive task complexity identifying the stable versus unstable postural confi gurations. Specifi cally, the recognition of unstable postures requires more cognitive effort and more complex information processing than stable postures. Increased reaction time as a function of task complexity was consistently observed in numerous reaction time studies. However, it should be noted that increased response time to unstable postures may refl ect increased uncertainty resulting in prolonged decision making mechanisms. In fact, the role of the neo-cerebellum in conjunction with the premotor cortex, inferior parietal lobule, and medial occipital cortex in mediation and guidance of decision making under uncertainty has been demonstrated (Blackwood et al., 2004; Harrington et al., 2004) . Further elaborations on specifi c cognitive processes causing the increased response time to unstable postures require additional experimentation.
In terms of brain areas activated, perceptual recognition of postural instability in two distinct tasks using both traditional block and embedded single-trial designs elicited at least in part the activation of common brain regions including the parietal cortex, cingulate cortex, and cerebellum. Our observation that bilateral parietal cortex was involved in these tasks can be explained by the fact that parietal systems play an important role in the perception of biological motion, in general (Bonda et al., 1996; Vaina et al., 2001; Manthey et al., 2003) , and in the analysis of complex motion patterns (Tanaka & Saito, 1989; Graziano et al., 1994; Sakata et al., 1995) , and in the sensorimotor behavior concerned with guiding and controlling planned action (Griffi ths et al., 1998; Iacoboni et al., 1999) , in particular. Not surprisingly, lesions involving the parietal cortex in humans give rise to severe impairment not only in action production, which has been known since the pioneering work of Liepmann (1908) but also in the perception of meaningful action (Kimura & Archibald, 1974; De Renzi & Lucchelli, 1988; Goodale et al., 1991) . It is worth mentioning that numerous primate studies have shown that the parietal cortex plays an important role in the integration of somatosensory signals which generate neural images of the body parts and provide signals for sensory guidance of movements in space (Crammond & Kalaska, 1989; Burbaud et al., 1991; Sawamura et al., 2002) . Recently, the hypothesis of polymodal motion processing in parietal cortex in monkeys and the equivalencies between humans and monkeys was supported in an fMRI study by Bremmer et al., (2001) . In fact, the important role of parietal structures in coding the plausibility of actions during observation of bio-mechanically possible versus impossible hand movements has been recently confi rmed using both trans-cranial magnetic stimulation (TMS) and fMRI (Costantini et al., 2005) experimental designs. Specifi cally, it was suggested that sensorimotor parietal regions may be important for coding the plausibility of index and little fi ngers, whereas the primary motor cortex may code the human actions regardless of whether they are biologically possible or impossible (Costantini et al., 2005) . There are at least three possible reasons that may explain the activation of cerebellum during perceptual recognition of postural instability in this study. First, recent evidence from functional neuroimaging studies suggests that lateral cerebellum is selectively involved not only in learning and execution of motor tasks (Toni et al., 1998; Dreher & Grafman, 2002; Wu et al., 2004) , but also in a variety of cognitive tasks including the judgment of motor activity (Fiez, 1996) , cognitive recognition and visual discrimination tasks (Vaina et al., 2001) , and decision making mechanisms (Blackwood et al., 2004; Harrington et al., 2004) . According to Wolpert (1998) , internal cerebellar models might have a role not only in motor control (the cerebellum contains multiple pairs of inverse and forward models of the motor system) but also in cognition and that they might form the basis of cognitive processes.
Second, it has been suggested that the cerebellum operates as an internal timing system, providing the precise temporal representation across various motor and cognitive tasks (Ivry & Keele, 1989; Dreher & Grafman, 2002) . Kawashima and colleagues (2000) suggested that the cerebellum is involved in the generation of accurate timing. We suggest that successful recognition of postural instability in a dynamic situation may require both the precise judgment of postural confi gurations associated with instability and timing to initiate appropriate presses on the button to change direction of the VP's motion towards vertical. In fact, late erroneous responses in "unstable" participants did not induce the activation of cerebellum.
Third, extensive research on balance in both and clinical pathological studies clearly demonstrated that the cerebellum plays a central role in postural control (Holmes, 1922; Horak & Diener, 1994; Ouchi et al., 1999) . In fact, cerebellar patients have impaired capacity to perform perceptual tasks as well (Shimansky et al., 1997) . Note, the bilateral cerebellum was activated only in "stable" participants during both block and embedded single-trial designs during active recognition of unstable postures. In addition, "unstable" participants failed to visually recognize postural instability and this was associated with a lack of cerebellar activation. Collectively, this may support the hypothesis that perceived events (i.e., perception of postural movement) and planned actions (i.e., execution of postural movement) may share a common brain representational framework (Decety & Grezes, 1999) . A similar assumption has been offered by more recent studies (Naito et al., 2002; Graziano et al., 2002) , specifi cally suggesting a crucial role of the primary motor cortex not only in somatic perception of limb movement but also in the coding of complex postures. It should be noted, however, that the direct examination of neural substrates of perceived and actually executed postural movement using a vertical MR system would be required to fully support this hypothesis.
Strong evidence exists that anterior cingulate cortex (ACC) plays an important role in intelligent behavior such as mental alertness, focused problem solving, error recognition, adaptive response to changing conditions, and emotional self-control (Alman et al., 2003) . The alertness function of the ACC is consistent with anatomy and neurophysiology because the ACC receives strong afferents from limbic structures that can send information about the internal state of the participant (Dreher & Berman, 2002) . It is also well established that the dorsal part of the ACC is related to cognition, whereas the ventral part is more related to emotion. In addition, the anterior part has been characterized as "executive" in function, whereas the posterior region has been characterized as "evaluative" (Bush et al., 2000) . In our study, increased activity in this region may partly be attributed to participants' selective attention, which is consistent with the notion that ACC is responsible for implementing attentional control (Peterson et al., 1999; Milham et al., 2003) . However, given our results indicating that multiple brain regions, including the parietal cortex and cerebellum appear to be activated in this study, we suggest that the ACC may also be involved in active recognition of postural instability. It was not the purpose of the present study, however, to dissociate the various functions that are included in perception of postural instability.
Areas that were activated with perception of postural instability only in the dynamic task were the temporo-parieto-occipital junction (area V5) and the basal ganglia; this result is consistent with numerous studies on perception of meaningful biological motion (Zeki et al., 1991; Grossman & Blake, 2001; Pelphrey et al., 2003) . Area V5, the human analog of MT/MST, was active when observers were viewing the animated but not the static pictures. This area has been seen as a prime candidate for registering the perception of biological motion in humans (Kourtzi & Kanwisher, 2000) . Similarly, perception of postural instability in the dynamic task elicited activation of the right caudate nucleus and right putamen. Some neurons in both of these structures have been shown to discharge in apparent anticipation of predictable events (Mink, 1996) . Thus, we postulate that participants' anticipation of postural instability while approaching the stability limits may cause signifi cant activation of basal ganglia in this study. Overall, given the extensive empirical evidence of basal ganglia involvement in higher cognitive functions (Middleton & Strick, 1994; , it is reasonable to suggest the existence of distributed activation (and/or interaction) between modality-specifi c brain areas responsible for detection of postural instability. Our data did not allow us to further elaborate on details of this distributed interaction that will be explored in our subsequent reports. In conclusion, this study supports the notion regarding the existence of neural detectors (Perret et al., 1985; Mataric & Pomplum, 1988) for unstable postures (Slobounov et al., 2000) . We anticipate that these neural detectors may deteriorate as a function of age and due to various neurological disorders resulting in balance problems in this participant population. Specifi c aspects and neural mechanisms contributing to this deterioration are currently under study in our laboratories.
